INTRODUCTION
Para rubber is an important raw material necessary for manufacturing of more than 40,000 products including those of health promotions 1 . It is regarded as the principal agricultural crop of Thailand sharing 36 of the global market as one of the major three production countries 2 .
There are abundant of by-product derived from rubber production particularly the seed accordingly. Therefore, sustainable utilization of the seed is challenged. Para rubber seed oil is highlighted as the promising vegetable oil for bio-fuel application 3, 4 . The seed soxhleted in petroleum ether yielded 40-50 oil with optimal physicochemical characters for biodiesel application and prominently contained linoleic acid 40.24 , oleic acid 32.16 and linolenic acid 17.52 , respectively 3 .
Although para rubber seed is largely transformed into animal feeding product 5 , innovative application of the para rubber seed in health promotion products including cosmetics, which are more value-added up, is sparely to be re-yield and antioxidant activity were further compared. Physicochemical properties and characterization of essential fatty acids in cosmetics were also analyzed. Cytotoxicity against normal human skin fibroblasts was conducted consequently. Innovative product derived from para rubber is therefore offered as a novel bio-oil promising for cosmetics that meets the consumers preference on ecological products and materials 16 .
EXPERIMENTAL
All of the solvents used were of analytical grade unless otherwise stated.
Para rubber seed
The seed of RRIM 600 cultivar that is the major crop of Thailand was harvested from the plant field located in Sisaket, the northeastern province of Thailand. The seed was dried in hot air oven at 45 for 30 min 7 prior to grinding into powder and kept under 4 for extraction.
2.2 Preparation of para rubber seed oil 2.2.1 Reflux extraction of the seed The ground seed was refluxed in petroleum ether J.T. Baker, USA and n-hexane Labscan, Ireland for 6 h, separately. The proportion of seed and solvent was 1:30 w/v 7 .
The whole was filtrated and evaporated to dryness under a reduced pressure. The extraction was conducted for 3 times.
Soxhlet extraction of the seed
Oil extraction using soxhlet extractor with petroleum ether and n-hexane was conducted for 6 h similar to that of refluxing time. The seed and solvent ratio, and worked up were conducted as usual. The extraction was undertaken 3 times.
Maceration extraction of the seed
The extraction was modified from the literature methods 7, 17 . The seed was macerated at the same ratio of sample and solvent 1:30, w/v as above with an orbital shaking at 150 rpm for 30 min, at 40 for petroleum ether and 60 for n-hexane. The soluble was treated as above.
The maceration was done in triplicates. 
GC/MS analysis
An aliquot 1 μL of the mixture of standard fatty acids 1 mg/mL containing palmitic acid Riedel, Germany , linoleic acid Fluka , oleic acid Fluka and stearic acid Acros, Belgium in the form of FAME, was diluted in CH 2 Cl 2 VWR at the proportion ratio of 1:1 v/v before injection 220 in a splitless mode into a gas chromatography Agilent, 6890N, USA equipped with HP-5MS capillary column Agilent, 30 m 250 μm, 0.25 μm film thickness and mass spectrophotometry Agilent, 5973N . The analysis was conducted using Helium as a carrier gas 1.0 mL/ min . Separation was successively performed with the oven program started from 50 5 min , rising to 65 at a rate of 2 /min, and then 200 5 /min, 5 min , and 250 10 /min that was held for 10 min. The reference mass spectrum was obtained from MS-Willey7n.1database 8, 19 .
The para rubber seed oil in forms of FAMEs was conducted delineated by the same analytical condition. FAMEs analysis was performed in triplicates.
Physicochemical analysis
Specific gravity, refractive index, iodine value, peroxide value and saponification value were determined delineated by the official methods 20 . Color parameters CIELAB , which are L*, a* and b* were measured by Colorimeter CR-400, Minolta, Japan 21 .
Toxicity in Normal Human
Skin Fibroblast NHF cells NHF cell lines obtained from the National Nanotechnology Center were grown in Dulbecco s Modified Eagle Medium DMEM; Gibco, USA supplemented with 10 Fetal Bovine Serum FBS; Gibco , 1 L-glutamine Gibco and 1 penicillin G/streptomycin Gibco in a 5 CO 2 chamber at 37 . Cytotoxicity assessments were performed by 3-4,5-dimethylthiazol-2-yl -2,5-diphenyltetrazolium bromide USB, USA or MTT assay. NHF cells were seeded and incubated in 5 CO 2 incubator at 37 . The cells were treated with the oil. Absorbance of formazan crystals formed in the viable cells was recorded at 550 nm by the microplate reader. The untreated cells were used as control. Cell viability was calculated, that of more than 75 comparing with the control 100 cell viability was interpreted as non cytotoxic 18 .
Statistical analysis
Data were presented as the means SD and the difference was evaluated using the SPSS program version 11.5. The level of significance was at p 0.05.
RESULTS AND DISCUSSION
Para rubber seed of RRIM 600 cultivar that is the major crop of the plant in Thailand was subjected to be evaluated on its potential application in personal care product. Preliminary, the seed was dried at 45 for 30 min in an attempt to eliminate moisture contamination and enhance the extractive yield 3, 7 . Consequently, the dried seed was reduced into small size pieces prior to extraction with various methods at the ratio of plant material and solvent 25 g per 750 mL that was claimed to afford the best yield 17 .
Malaysian para rubber seed oil extracted by soxhlet in nhexane for 6 h was reported to contain unsaturated fatty acids, which were oleic acid 22.95 , linoleic acid 37. 28 and linolenic acid 19.22 including palmitic acid 8.56 and stearic acid 10.56 7 . The rubber seed oil was claimed safe as evaluated in animal models 5, 7 .
Reflux that share the same principal of extraction with soxhlet was additionally implied for oil extraction in this study using petroleum ether regarding to the similar solvent property with n-hexane. In addition, maceration with these two solvents was undertaken in parallel. Macerations were undertaken at 40 and 60 in petroleum ether and n-hexane, separately, with shaking at 150 rpm for 30 min 3, 17 . The extractive yield of each solvent from different extractions was compared. Reflux and soxhlet gave the higher yield than the maceration. Petroleum ether was shown to be the better solvent than n-hexane. However, soxhlet extraction in petroleum ether insignificantly p 0.063 afforded the greater yield than that of reflux as shown in Table 1 . Antioxidant activity was preliminary screened by DPPH assay. Radical terminating capacity of the extract from reflux in n-hexane was found greatest. However, those of reflux and soxhlet extractions were not significant differed Table 1 . Therefore, ABTS assay was additionally conducted. ABTS assay is more related with lipid peroxidation of the living cells including skin fibroblasts 22 , and widely adopted in antioxidant evaluation of the vegetable oils 13 .
The oil from soxhlet extraction in n-hexane was the most potent extract followed by petroleum ether with reflux and soxhlet, respectively. The first most active extract significantly p 0.041 terminated the radical superior over the second most one was more potent to scavenge radical than hemp, terebinth, radish and nettle obtained from the same extraction, soxhlet in n-hexane as previously reported 13 , as shown in Table 1 .
However, antioxidant activity of the oil prepared with this method is unable to compare with the same plant because fatty acids were mainly reported 3 5, 7 . Thus, para rubber seed oil from soxhlet extraction in n-hexane, the most potent ABTS scavenger, was further fatty acid analyzed. Firstly, the oil fatty acids were transformed into fatty acid methyl esters FAMEs by the literature method 19 . The standards were preliminary analyzed in search of optimal analytical condition that further implied in the bio-oil analysis. The principle fatty acids of cosmetic importance enrolled in this study were linoleic acid, stearic acid, oleic acid and palmitic acid. Linoleic acid and linolenic acid are used as the active ingredients for skin, hair and nail nourishment. In addition, their anti-inflammatory effects appoint for dandruff and hair loss treatment with an efficient to enhance hair growth. These fatty acids also moist the skin and nail with an ability to suppress greasy skin 23 27 .
Consequently, they are respected as the efficient actives for acne treatment 28 . Palmitic acid has several physiological functions, including suppression of cholesterol 29 . It is also the principal active commonly composed in cleansing products and formulated into cream and lotion in similar to stearic acid 30 . In addition, oleic acid enhances percutaneous absorption of other actives and is accounted as an excellent deliver of lipohilic ingredients to skin 31 . More important, they were reported to deactivate tyrosinase activity 32 liberating the potential in skin hyperpigmentation treatment and applicable for fruit anti-browning products. The seed of para rubber of RRIM 600 cultivar extracted with n-hexane by soxhlet contained oleic and palmitic acids more than that cultivated in Malaysia, although those of linoleic and stearic acids were comparable as shown in Table 2 . Consequently, fatty acid profile was compared with other bio-oils with ABTS scavenging activity Table 1 . Total content of essential fatty acids in cosmetics in para rubber seed oil were higher than those of hemp, terebinth, radish and nettle that have less antioxidant activity 13 than para rubber. These vegetable seed oils contained less oleic acid, except terebinth. Although hemp with a lesser TEAC, it composed more linoleic acid than para rubber. It was further compared with other unconventional oil for cosmetics. In a comparison with Dalbergia odorifera that soxhleted in petroleum ether for 8 h 11 , its oleic acid content was less than in para rubber seed. Compressed pumpkin seed oil contained less amount of linoleic and stearic acids but greater in palmitic and oleic acids 33 .
However, para rubber seed oil with less oleic acid, but it was higher in linoleic acid compared to date plum that soxhleted in n-hexane for 8 h 34 . This studying seed oil had more total fatty acids than raspberry seed that macerated in n-hexane at 4 for 2 h 35 , although linoleic acid was less. Oleic acid in para rubber seed oil was less than that found in Moringa oleifera oil extracted by soxhlet in nhexane for 4 -5 h 36 or 10 h 37 . The rubber seed extract was further monitored in terms of color properties by means of CIELAB parameters 21, 38 , which is a part in physicochemical study. Reflectance spectrophotometry quantifies the color in tristimulus values, L*, a*, and b*. The L* is correlated with lightness ranging from white 100 to black 0 and can be described using strong, moderate and pale, along a grey scale. The a* is responsible for the green and red color, whereas b* is the hue of blue and yellow . This studying para rubber oil was compared with that from Malaysia soxhleted in n-hexane for 6 h 7 , which is the same extraction condition. The seed oil of Malaysian para rubber exhibited paler color than the RRIM 600 cultivated in Thailand on the basis of L*, a* and b* Table 3 . The stronger color might be reflected by the fatty acid constituents that the studying oil was greater in palmitic and oleic acids highlighting the merit of Thai para rubber seed. In addition, Thai para rubber seed oil may exhibit better antioxidant activity in turn.
Thereafter, physicochemical characters, which are specific gravity, refractive index, iodine value, peroxide value and saponification value, were determined by the standard method 20 . The results were compared with those of unconventional cosmetic important bio-oils and those that are commercialized by different suppliers Table 4 . Specific gravity and refractive index were in the same range with other vegetable oils exp. D. odorifera, pumpkin, etc. and the commercialized ones for instance almond, argan and so forth. However, iodine value was lowest. Para rubber seed oil therefore might be challenged with oxidation or hydrogenation at a lesser degree. Para rubber seed oil had greater peroxide value over the others except coconut oil. On the meantime that saponification value of the present studied oil was lower than the others in similar to iodine value. These may refer to greater molecular weight fatty acid constituents of Thai para rubber seed oil. The oil was further assessed on safety in mammalian cells, which is recommended prior to application of natural extract 39 into topical preparations including cosmetics 40 . Although para rubber seed oil was reported safely in animal models 7 and was applied as animal feeding 5 . Confirmatory safety was conducted in this study using human skin fibroblasts cells. These epidermal cell responsible for skin firmness, is ease to be destroyed by means of oxidative stress in particular lipid peroxidation resulting skin wrinkles that are the sign of aging 18, 41 . The extract was concluded as safe according to the viability of the fibroblast cells of more than 100 at various concentrations Fig. 1 . Therefore, this bio-oil is promising for topical applications.
CONCLUSIONS
Para rubber is the major industrial crop of Thailand of which RRIM 600 is the most prominent planted. Therefore, the trunk and seed are abundant by-products. Transformation of the trunk into furniture is the common value-added up of the crop by-product. However, that of the seed is rarely presented. Preparation of para rubber seed oil using n-hexane soxhlet extracted for 6 h afforded the potent antioxidant bio-oil as assessed by ABTS and DPPH assays. This new promising ecological oil exhibits superior radical scavenging activity over those of unconventional oils that previously proposed as the candidate oily substances in health care products. In addition, this presenting bio-oil was none cytotoxic as examined in human skin fibroblasts. This oil enriched with essential fatty acids in cosmetics in particular oleic acid and linoleic acid would widen the choice of the functional oil in the personal care and cosmetics preparations. In addition, the physicochemical properties are acceptable for cosmetics in the same manner with those of the commonly used vegetable oils. Fig. 1 Safety of para rubber seed oil in human skin fibroblast cells at various concentrations in a comparison with negative control.
